In this study, terahertz (THz) absorption and transmission of monolayer MoS 2 was calculated under different carrier concentrations. Results showed that the THz absorption of monolayer MoS 2 is very small even under high carrier concentrations and large incident angle. Equivalent loss of the THz absorption is the total sum of reflection and absorption that is one to three grades lower than that of graphene.
This study investigated the monolayer MoS 2 absorption and transmission at the THz wave band and compared its results with those of graphene and 2DEG. The results show that monolayer MoS 2 has lower THz absorption than graphene by one to three grades. When the carrier concentration was 10 12 cm −2 , the THz absorption of monolayer MoS 2 was less than 2.4% and its transmission was much higher than that of 2DEG. For example, when the carrier concentration was 8.4 × 10 12 cm −2 , the relative transmission amplitude of InAs 2DEG was approximately 55%, and the relative transmission amplitude of monolayer MoS 2 could reach 95%. As a representative case, we calculated the field-effect tubular structure formed by monolayer MoS 2 -insulation layer-graphene, which would allow the THz of graphene to reach saturation under low voltage. The THz absorption by monolayer MoS 2 was approximately 5% at the maximum.
Model and Theory
The experimental results show that the dielectric constant of monolayer 2ε 0 m * is the plasma frequency [36] . Within the THz frequency range, the conductivity of graphene can be expressed as [37] The standard transfer-matrix method was used for the calculation [37, 38] . In the lth layer, the electric field of the TE mode light with incident angle θ i is given by
and the magnetic field of the TM mode is given by
where k l = k lr + ik li is the wave vector of the light, e x is the unit vectors in the x direction, and z l is the position of the lth layer in the z direction.
The electric fields of TE mode or the magnetic fields of TM mode in the (l+1)th layer are related to the incident fields by the transfer matrix utilizing the boundary condition [37, 38] . Thus, we can obtain the absorbance of lth layer A l using the Poynting vector S = E × H [37, 38]
where S (l−1)i and S We calculated the absorption and transmission of monolayer MoS 2 when
THz ω p = 16.77 THz at N ≈ 3.3 × 10 9 cm −2 (same as the experimental measurement result [36] ). The calculation result is indicated in Figure 1 .
The absorption rate of monolayer MoS 2 was less than 10 −4 , its reflection rate was even smaller, and the transmission rate was larger than 0.9999.
The main reason for this trend is that the effective quality of the monolayer But even for TE mode with θ i = 80 • , the equivalent loss is only about 12%. In a real THz device, the electrode usually has high carrier concentration to reduce electrode resistance and increase grid voltage. We studied the THz absorption of monolayer MoS 2 , as well as the reflection and transmission under different carrier concentrations. As a point of comparison, we also provided the absorption, reflection, and transmission of graphene.
The calculation results are presented in Figure 3 . When carrier concentration is increased, the ion frequency and THz absorption of monolayer MoS 2 are increased, whereas the transmission is reduced. According to the Drude modes, the THz absorption of monolayer MoS 2 will decrease with the THz wave frequency. Even when the carrier concentration is at N = 10 12 cm −2 , the wave absorption of monolayer MoS 2 at a frequency of 0.2 THz is only 2.4%. Thus, the reflection can be ignored, and the transmission is larger than 97%. In comparison, when the carrier concentration is at N = 10 12 cm −2 , the wave absorption at the frequency of 0.2 THz by graphene is as high as 46%. Meanwhile, the reflection is 16%, and the transmission is only 37%. Under actual conditions, the transparent electrode normally remains on the surface of the base. We studied the effect of monolayer MoS 2 on the transmission of samples when it is on the base surface and compared it with the existing experimental results for 2DEG [39] . Thus, the relative transmission amplitude can be defined as t rt = 1 + n sub + Z 0 σ s . When N = 8.1×10 11 cm −2 , the relative transmission amplitude of monolayer MoS 2 is still larger than 0.995, whereas in InAs 2DEG, this value is about 0.96 [see [17] , Tri-layer graphene [18] , and ITO nanomaterials [19] .
Although the details of the transparent electrodes are different, we can still make a comparison with other THz transparent electrodes [ Fig. 6 ]. The maximum equivalent loss of monolayer MoS 2 with N = 10 12 cm −2 is about 2.4%, which is much small than that of the ITO nanomaterials [19] and trilayer graphene [18] . The maximum transmission of two-dimensional arrays of metallic square holes can reach nearly 100%, but the average equivalent loss within broadband frequency regions of the metallic square holes can reach 20% [17] . 
Conclusions
The study demonstrated that the THz absorption by monolayer MoS 2 is very small over a broadband frequency range even under high carrier concentration and large incident angle. Its equivalent loss is one to three grades smaller than that of graphene. The transmission of monolayer MoS 2 is much larger than that of traditional GaAs or InAs electron gas. We studied the field-effect tubular structure of monolayer MoS 2 -insulation layer-graphene, which allows the THz absorption of graphene to reach saturation even under low voltage even while the THz absorption of monolayer MoS 2 is only approximately 5% at the maximum. Therefore, monolayer MoS 2 can be used to make transparent electrodes within the THz frequency range. This de-velopment has important prospective applications in optoelectronic devices within the THz frequency range.
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